Background Unintentional injury is the leading cause of death in young children. A previous study reported the protective effect of maternal parenting on young childhood injury; however, few studies have shown an association between paternal involvement in childcare and young childhood injury. The purpose of this study is to investigate the impact of paternal involvement in childcare to reduce the likelihood of childhood injury.
Methods
A population-based birth cohort study in Japan (2001-02), the 'Longitudinal Survey of Babies Born in 21st Century', was used (n ¼ 42 144). The impact of paternal involvement in childcare of 6-month-old infants (feeding, diaper change, bathing, putting the child to sleep, playing, taking a walk) on the incidence of young childhood injury (fall, near-drowning, accidental ingestion or burn) until 18 months of age was analysed by multiple logistic regression.
Results
Infants who received a high degree of paternal involvement in childcare at 6 months were less likely to suffer from all unintentional injuries at 18 months than those who received a low degree of paternal involvement in childcare (adjusted odds ratio 0.91, 95% confidence interval 0.85-0.98). Taking the child for a walk by the father strongly prevented all unintentional injuries, and there were dose-effect relationships (P trend < 0.001).
Introduction
Unintentional injury is the leading cause of death among young children aged 1-4 years in Japan. 1 The annual cost of childhood injury deaths in Japan is an estimated US $554 million. 2 The leading cause of unintentional death due to injury among young children in 2006 was motor vehicle crashes, followed by drowning, suffocation, burns, falls and poisoning. 1 The trend in mortality from unintentional injury began to rise in the late 1980s because of increasing fatality ratio from home injuries such as falls, drowning and suffocation. 3 In addition, the morbidity of unintentional injury among young children is much higher than mortality: 45% of the children experienced unintentional injury and were brought to a hospital. 4 Appropriate parenting might prevent unintentional injuries in young children. Previous studies have reported that unintentional injuries in young children were preventable by interventions in which parents were assisted by others, such as public health nurses. [5] [6] [7] [8] [9] [10] [11] Children with mothers suffering from psychiatric disorders, depression or higher levels of stress show higher injury rates. [12] [13] [14] In addition, positive parenting such as increased frequency of playing with children was associated with lower injury rates. 15 However, most previous studies on the effects of parenting on childhood injury have focused on maternal parenting and few studies have reported the effect of paternal involvement in childcare on child health. 16, 17 This background suggests that paternal involvement in childcare could prevent unintentional injury of young children. This effect might be due to an increase in the quantity and quality of child supervision by reducing maternal stress. [17] [18] [19] It has also been reported that children are at higher risk of medically attended injury when their parents are unmarried. 20 Thus, it can be hypothesized that a child who receives a greater amount of paternal involvement in childcare is less likely to suffer from unintentional injury.
However, it can also be hypothesized that inadequate paternal involvement in childcare might induce unintentional injury, as the father might be inexperienced with parenting. A previous study suggested that fathers seem to believe injuries are important for child development. 21 In addition, it is well known that the father figure is the predominant perpetrator of child abuse. 22, 23 Few studies have empirically tested the impact of parental parenting on unintentional injury of young children using a longitudinal design.
The 'Longitudinal Survey of Babies Born in 21st Century' is a large birth cohort study implemented by the Ministry of Welfare, Labour and Health in Japan. It investigated the parenting pattern, including paternal involvement in childcare, when children were 6 months old and the children's experiences of unintentional injury when they were 18 months old. The purpose of this study is to investigate the impact of paternal involvement in childcare at the age of 6 months on child unintentional injury at the age of 18 months.
Methods

Study sample
The data used for this study were from the 'Longitudinal Survey of Babies in 21st Century' implemented by the Ministry of Health, Labour and Welfare in Japan from 2001 to 2002. The study sample included all children born between 10-26 January 2001 and 10-26 July 2001 in Japan, using the birth record list of vital statistics for Japan (n ¼ 53 575). Selected subjects were recruited by mail questionnaire when the children were aged 6 months. The subjects were considered to agree to participate in the study if they returned the questionnaire to the Ministry of Health, Labour and Welfare. There were a total of 47 015 respondents at baseline (response rate 87.8%). A second questionnaire was mailed in 2002 to all subjects who participated in the first survey when the children were aged 18 months, and 43 925 subjects responded to the second survey (response rate 93.4%). Because this study focused on paternal involvement in childcare, children with single or no parents were excluded (n ¼ 923). In addition, as the quantity and quality of parenting of twins are different from that of a single child, 24 twin births were excluded (n ¼ 858). Thus, the total sample size for this study was 42 144.
Paternal involvement in childcare
Paternal involvement in childcare was measured by six items when the children were aged 6 months: (i) help feeding; (ii) change diaper; (iii) bathe the child; (iv) put the child to sleep; (v) play with the child at home; and (vi) take the child outside the home, such as going for a walk. Responses 'not at all', 'rarely', 'sometimes' and 'always' were rated with a Likert scale. The responses for the six items were further scored to see the overall paternal involvement in childcare: 'not at all', 0; 'rarely', 1; 'sometimes', 2; and 'always', 3. Thus, the total paternal involvement in childcare scores ranged from 0 to 18 (Chronbach's alpha ¼ 0.76). Spearman's correlation coefficients between specific types of paternal involvement in childcare were calculated to confirm different aspects of paternal involvement in childcare.
Unintentional injury of young children
The incidence of unintentional injury of young children was assessed by the following questions: 'Has your child who was born in 2001 had the following experience during the past year?' (including incidences where the child did not visit a hospital or clinic): (i) fallen from bed, stairs or chair; (ii) neardrowning in the bathtub, pond, etc.; (iii) ingested something by accident such as a coin, cosmetics, detergent or cigarette; or (iv) burnt by touching iron, hot pot or hot water. Participants responded with dichotomous items (yes/no). Details of unintentional injuries (e.g. fall from a different level, on something sharp or hard) were unavailable, as information pertaining to the same was not obtained in the longitudinal survey.
Confounders
Information on a child's gender, birth weight, gestational age and maternal and paternal age was obtained from their birth records. Information on family characteristics (living with siblings/grandparents, father and mother's occupation and total household income) investigated in the 2001 study was used. Maternal involvement in childcare was also assessed by the same measurement method as the one used for the assessment of paternal involvement in childcare. Details of the distribution of these covariates are shown in Table 1 . Then, the associations between paternal involvement in childcare and sample characteristics were examined to confirm if these variables should be included as covariates in the final logistic regression analysis. Bivariate ordered logistic regression analysis was used for specific types of paternal involvement in childcare and bivariate linear regression analysis was used for total paternal involvement in childcare scores.
Analyses
Logistic regression was used to identify how paternal involvement in childcare contributed to reduce the incidence rate of unintentional injury. Possible confounders including gender of the child, perinatal factors, mother's and father's age, socio-economic status, living with siblings and grandparents and maternal involvement in childcare were adjusted. To investigate how an overall gradient of paternal involvement in childcare was associated with unintentional injury, a P-value for trend test (P trend ) was calculated. All analyses were performed using STATA SE statistical package, version 9 (Stata Corp., College Station, TX, USA).
Results
Demographic, perinatal and socio-economic characteristics of the sample are shown in Table 1 . In total, 490% of the respondents to the initial survey were mothers. Low birthweight and preterm births constituted 7 and 4%, respectively. Half of the families had elder sibling(s) when the participating child was born. One of five respondents lived with grandparent(s). Father's occupation was predominantly full-time work (97%), and most of the mothers were housewives: unemployed and not looking for a job (69%). The distribution of the total household income showed that 11% earned <2.5 million yen ($$25 000), which is $50% of the average annual household income in Japan 25 and can be considered as the poverty line, and 7% earned 510 million yen. Table 2 shows the distribution of each paternal involvement type in childcare. A total of 444% of fathers always played with their children at home, 43% of fathers always gave the child a bath and 470% of the fathers sometimes or always took the child outside the home, followed by 66% of fathers who sometimes or always changed diapers, and 43% of fathers who sometimes or always fed the child. The total paternal involvement in childcare scores was distributed normally ( Table 3 shows Spearman's correlation coefficients for specific types of paternal involvement in childcare and total paternal involvement in childcare scores. Different types of paternal involvement in childcare were associated with each other, with Spearman's correlation coefficients ranging from 0.26 to 0.46, suggesting that the types of paternal involvement in childcare were not highly correlated with one another.
The association between demographic, perinatal and socio-economic characteristics of the sample and paternal involvement in childcare is shown in Table 4 . Children that were delivered preterm received more paternal involvement in childcare than children delivered during the normal gestational weeks, whereas low birth weight was not associated with paternal involvement in childcare. Thus, birth weight was excluded from the list of covariates for the final logistic regression model. The total maternal involvement in childcare scores was inversely associated with each type of paternal involvement in childcare and total paternal involvement in childcare scores, except for taking a walk with the child.
The incidence of unintentional injury when a child was 18 months old is shown in Table 5 . A fall was the most experienced unintentional injury: 61% of the children aged 18 months experienced a fall during the past year. Near-drowning was the second highest (11.5%), followed by burns (9.6%) and accidental ingestion (8.4%). In total, 67.8% of 18-month-old children experienced unintentional injury, including a fall, near-drowning, burn or accidental ingestion during the past year. Table 5 also shows the association between the paternal involvement in childcare and unintentional injury in children aged 18 months, adjusted for sex of child, gestational age, living with sibling(s), living with grandparent(s), annual household income, father's age, mother's age and maternal parenting scores. Overall, the total paternal involvement in childcare scores showed a protective effect on any of the unintentional injuries in the past year for 18-month-old children. Children who received a high degree of paternal involvement in childcare, defined as greater than the mean plus 1 SD of the total paternal involvement in childcare score (i.e. 413.7 points), were less likely to experience any of the unintentional injuries investigated in this study (i.e. fall, neardrowning, accidental ingestion or burn) as compared with the children who received a low degree of paternal involvement in childcare, defined as less than the mean minus 1 SD of the total paternal involvement in childcare score (i.e. <7.2 points): odds ratio (OR) 0.91, 95% confidence interval (CI) 0.85-0.98, P ¼ 0.017. Also, a protective dose-effect relationship was observed between the three-category total paternal involvement in childcare scores at 6 months of age and the 1-year experience of all unintentional injuries at age 18 months (P trend ¼ 0.022). Total paternal involvement in childcare also showed a protective dose-effect relationship for near-drowning (P trend < 0.001), accidental ingestion (P trend < 0.001) and burn (P trend ¼ 0.018), but not for fall (P trend ¼ 0.081).
Among several parenting behaviours, taking the child outside the home, such as for a walk, showed a strong preventive dose-effect relationship for all unintentional injuries ('rarely': OR 0.96, 95% CI 0.88-1.04; 'sometimes': OR 0.88, 95% CI 0.81-0.95; 'always': OR 0.76, 95% CI 0.68-0.84; compared with 'not at all'; P trend < 0.001). Furthermore, taking the child for a walk showed a protective dose-effect relationship for specific unintentional injuries, such as fall, near-drowning, accidental ingestion or burn (all P trend < 0.01). Similarly, putting the child to sleep and playing with the child also showed a protective doseeffect relationship with all unintentional injuries (P trend ¼ 0.014 and 0.003, respectively).
Interestingly, a dose-effect relationship was found between either putting the child to sleep or playing with the child and near-drowning (both P trend < 0.001). However, feeding, diaper changing and bathing showed no protective effect on any of the unintentional injuries, with the exception of diaper changing and accidental ingestion, as well as bathing and near-drowning (both P trend < 0.001 in protective direction). However, bathing showed an adverse effect on the incidence of fall: children who were bathed rarely, sometimes or always by their father had odds of 1.16 (1.05-1.29, P ¼ 0.003), 1.16 (1.06-1.26, P ¼ 0.001) and 1.15 (1.05-1.25, P ¼ 0.002), respectively, in comparison with children who were never bathed by their fathers (P trend ¼ 0.039 in the adverse direction). In addition, children who were fed, had their diaper changed and played with their fathers 'rarely' showed a higher odds of falling in comparison with children who never had these activities done by their fathers [1.07 (95% CI 1.01-1.13, P ¼ 0.015), 1.11 (95% CI 1.03-1.19, P ¼ 0.006) and 1.24 (95% CI 0.95-1.63, P ¼ 0.113), respectively].
Discussion
Results of the present study suggest that the overall paternal involvement in childcare when a child was 6 months old was associated with lower risks of unintentional injuries during the following 1 year (i.e. until the child reached 18 months of age), particularly for near-drowning, accidental ingestion and burn, but not for fall, even after controlling for demographic, perinatal and socio-economic covariates. Specifically, taking the child outside the home, such as being taken for a walk by the father, showed a strong preventive association with unintentional childhood injury.
The findings in the current study are consistent with a previous study, which showed an inverse association between paternal involvement in childcare at 6 months of age and all injuries during 6-36 months. 17 However, the previous study used a total involvement scale based on 11 items of childcare tasks, and the outcome measurement did not include details on the types of injuries. 17 The present study adds to our knowledge that specific types of paternal involvement in childcare, such as taking the child outside the home, had preventive effects on unintentional injuries. In addition, the present study showed preventive effects on particular unintentional injuries, such as near-drowning, accidental ingestion and burn, but not for fall, suggesting that falls are so common that they are difficult to prevent, even by including the father in childcare.
The mechanism of how paternal involvement in childcare prevents unintentional injury in children can be explained in four ways. First, paternal involvement in childcare surveyed in this study might be a proxy for the amount of supervisory time spent with the child. A previous study showed that the supervisory pattern is associated with unintentional injury. 26 Secondly, paternal involvement in childcare may contribute to optimal child development, [27] [28] [29] [30] [31] [32] which is associated with reducing the risk of unintentional injury, 26, 33, 34 i.e. it is likely that a child who receives high degree of paternal involvement in childcare might show less high-intensity behaviour and sensation seeking and more inhibitory control, which are associated with reducing the risk of unintentional injury. 26 Thirdly, paternal involvement in childcare might reduce maternal stress on child caregiving by providing free time for the mother, which in turn improves the quality of maternal supervision of the child and reduces the risk of unintentional injury. 35 Fourthly, based on the finding that taking the child outside the house or playing with the child had the powerful impact on preventing unintentional injury, these types of paternal involvement in childcare might satisfy the child's curiosity for activity play, especially outdoor play, as this is more likely to be under less adult control. 36 Thus, going outside may result in sedentary behaviour at home and less likely to induce unintentional injury, as most unintentional injuries occur at home. 37, 38 In addition, several interesting associations between specific types of paternal involvement in childcare and unintentional injuries were found. For example, putting the child to sleep showed a strong protective effect on near-drowning. We interpret this finding as the child who was put to sleep by his/her father went to bed later at night, which might be associated with a shorter bathing time, as most Japanese take a bath before going to bed. Therefore, a shortened bathing time led to a lesser likelihood of near-downing. The association between putting the child to sleep or changing diapers and accidental ingestion can be interpreted as follows: the father who sleeps with the child or changes diapers can be a proxy for a tendency to take care of the child's living environment as these parenting behaviours would make the father aware of the dangerous environment of the child. Further, the child given a bath by the father showed an adverse effect on fall. We interpret the result as doing this might promote the child's activity after bathing, which induces fall at home, i.e the child given a bath by the father is considered a proxy for late bedtime and shorter sleep duration, which might be associated with hyperactivity. 39 It was also interesting that the frequency level of paternal involvement in childcare had different effects on unintentional injuries. The child 'rarely' fed by the father was more likely to have fallen in comparison with the child not fed by the father at all, and the same was true for diaper changing. However, if the father 'always' fed or changed diapers, preventive directions were shown (i.e. the association was not linear). These findings suggest that it might be dangerous to ask for parenting if the fathers are not Table 5 Continued accustomed to doing it; however, once they have learned, paternal involvement in childcare might help to protect the child from unintentional injury. This study had several limitations. First, paternal involvement in childcare was not measured objectively. The measurement for the paternal involvement in childcare used in this study was based on the mother's observation, which was not validated though a videotaped measurement. However, the paternal involvement in childcare measurement used in this study was similar to the parenting scale 40 used in a previous study, 17 such as changing diapers or taking the baby to a sitter or day care. Secondly, the outcome measures were based on self-reports mostly from mothers. The respondent may have been unaware of all incidences of unintentional injury that happened during the year and might not have remembered all incidences (i.e. recall bias), as the experience of unintentional injury was asked only once in this survey. Thus, the incidence of unintentional injury might be underestimated. However, it was possible for the mothers to recall the incidences of unintentional injuries during the previous year, including those cases that were not brought to a hospital or clinic, by questioning other family members regarding the occurrence of unintentional injuries. Thirdly, although the sample size was large, it was not a representative sample in Japan because it included only infants born between January and July. Thus, seasonal variation for the month of birth was limited, considering the fact that the incidence of unintentional injury, especially drowning, varies by season. 41 However, because the questionnaire asked about the incidence of unintentional injury during the past year, all seasons were most likely considered.
Despite these limitations, the present study shows that paternal involvement in childcare can predict unintentional injuries in 18-month-old children based on a large prospective cohort study in Japan. Paternal involvement in childcare, especially taking a walk with the child, can be used as an indicator to predict childhood injury and consequently identify the high-risk groups. Further studies to elucidate the association between paternal involvement in childcare and childhood injury are needed before recommending paternal involvement in childcare to prevent childhood unintentional injury.
